Recent neuroimaging studies disagree as to whether the processing of emotion-laden visual stimuli is dependent upon the availability of attentional resources or entirely capacity-free. Two main factors have been proposed to be responsible for the discrepancies: the differences in the perceptual attentional demands of the tasks used to divert attentional resources from emotional stimuli and the spatial location of the affective stimuli in the visual field. To date, no neuroimaging report addressed these two issues in the same set of subjects. Therefore, the aim of the study was to investigate the effects of high and low attentional load as well as different stimulus locations on face processing in the amygdala using functional magnetic resonance imaging to provide further evidence for one of the two opposing theories. We were able for the first time to directly test the interaction of attentional load and spatial location. The results revealed a strong attenuation of amygdala activity when the attentional load was high. The eccentricity of the emotional stimuli did not affect responses in the amygdala and no interaction effect between attentional load and spatial location was found. We conclude that the processing of emotional stimuli in the amygdala is strongly dependent on the availability of attentional resources without a preferred processing of stimuli presented in the periphery and provide firm evidence for the concept of the attentional load theory of emotional processing in the amygdala.
aspects of emotional meaning can be encoded very rapidly and without conscious awareness (Morris et al., 1998b (Morris et al., , 1999 Whalen et al., 1998; Öhman, 2002 Killgore and Yurgelun-Todd, 2004; Liddell et al., 2005; Öhman et al., 2007) , these studies do not directly address whether such processing demands attentional resources. Recent neuroimaging studies presented conflicting evidence on this issue.
The view that emotional stimuli are processed preattentively and independent of the availability of attentional resources, has been supported by several studies demonstrating amygdala responses to fearful faces under conditions of inattention (Vuilleumier et al., 2001; Anderson et al., 2003; Williams et al., 2005) . The influence of emotional expression and that of selective attention on face processing, was investigated by manipulating the focus of attention while keeping the perceptual load identical across all conditions. As the amygdala was activated by fearful faces regardless of the initial allocation of spatial attention, these neuroimaging studies seem to suggest that fear-related responses mediated by the amygdala may be obligatory and not dependent upon the availability of attentional resources.
However, such findings do not necessarily imply that these emotional effects would be entirely immune to any task-related attentional influences, since increasing perceptual load (Lavie, 1995) or the presence of distractors (Kastner and Ungerleider, 2000) might reduce the degree of amygdala responses to emotion-laden stimuli.
IntroductIon
Selective attention devotes cognitive resources to behavioral relevant stimuli and events, thereby enhancing the processing of attended relative to unattended information (Desimone and Duncan, 1995; Treue, 2003) . A primary way to determine the importance of a stimulus or event is to evaluate its emotional significance (Compton, 2003) . Emotionally significant stimuli receive enhanced processing via two different operating attentional mechanisms: The first one evaluates emotional significance preattentively ("automatically"), whereas the second one gives these significant stimuli priority in the allocation of attentional resources. The amygdala has been identified to play a crucial role in the processing of emotional stimuli (Phan et al., 2002; Zald, 2003; Sergerie et al., 2008) . In theoretical works it has been proposed that the amygdala generates a coarse, rapid, and automatic response to emotional stimuli based on inputs from a subcortical pathway via the superior colliculus and the pulvinar nucleus of the thalamus, whereas a fine-grained perceptual representation of emotion-laden stimuli involves the occipital and temporal visual neocortex (LeDoux et al., 1984; LeDoux, 1996; Adolphs, 2002) . Through reciprocal connections to sensory cortical processing regions, such as the visual cortex (Amaral et al., 2003) , the amygdala may mediate the facilitation of attentional and perceptual processes (Morris et al., 1998a; Anderson and Phelps, 2001; Vuilleumier et al., 2004; Phelps and LeDoux, 2005; Phelps, 2006) . Although a great number of studies support the notion that some
Diverting attention suppresses human amygdala responses to faces
According to the attentional load theory (Lavie, 1995 (Lavie, , 2005 , when a task at hand places very high demands on the perceptual system in order to process task-relevant stimuli, the processing of taskirrelevant stimuli would be inhibited. On the other side, in situations of low perceptual load, any capacity not taken up in perception of task-relevant stimuli would "spill over" to the processing of taskirrelevant stimuli. In other words, the processing of task-irrelevant information is dependent upon the perceptual attentional load in such a way that irrelevant information processing only takes place under low attentional load conditions and is abolished by high attentional load. In line with this theory, Pessoa et al. (2002 Pessoa et al. ( , 2005 and Pessoa (2005) have argued that the perceptual load of the current task influences the ability of the visual system to generate an internal representation and an enhanced processing of emotional stimuli. Accordingly, a growing number of studies indicate a resource-dependence of face encoding processes, using tasks of different attentional load to show that the activation of the amygdala is reduced during conditions of high perceptual load (Pessoa et al., 2002 Bishop et al., 2007; Mitchell et al., 2007) . An example is a recent study by Silvert et al. (2007) investigating whether the processing of peripheral face stimuli can be influenced by attention under different perceptual loads exerted by a competing task. In this paradigm differences in amygdala responses to fearful versus neutral unattended faces vanished during the high-load task, whereas in the low-load task a significant interaction between emotion and task was obtained. However, it is important to note that even during the highload task amygdala responses to unattended fearful and neutral faces were not completely suppressed, suggesting that not all attentional resources had been distracted by the competing task.
The strength of neural responses evoked by emotion-laden stimuli, especially in the amygdala, depends on numerous factors. One factor that could potentially account for the discrepant imaging results might be the spatial location of the presented emotional stimuli. The studies mentioned above support the notion that peripherally presented unattended fearful faces may activate the amygdala under both low (Vuilleumier et al., 2001 ) and high attentional load manipulations. On the other hand, ignored fearful faces presented foveally lead to an increase of amygdala response under low-load (Anderson et al., 2003; Pessoa et al., 2005) , but not high-load conditions (Pessoa et al., 2002 .
The proposed interaction between the attentional load of a competing task and the stimulus location suggests that the amygdala may be especially sensitive to affective stimuli presented in the periphery in order to attract attention to important items that are not in the current focus of attention. Such a function would be supported by input from the magnocellular pathway, which produces rapid, transient, but coarse visual signals and is particularly sensitive to peripheral stimuli Hubel, 1987, 1988; Bullier, 2001) . Indeed, high spatial-frequency information in faces travels via parvocellular inputs into ventral cortical pathways and evokes responses in fusiform cortex, whereas the amygdala preferentially responds to low spatial-frequency information carried primarily by magnocellular visual pathways Winston et al., 2003) .
Although these findings support the hypothesis that the attentional load as well as the spatial position of the emotional stimuli are critical factors for the strength of amygdala activation by faces, no neuroimaging study to date varied both factors to directly test their interaction. Therefore, in the present study we investigated the effects of attentional load and stimulus location on the processing of emotional faces in the amygdala using functional magnetic resonance imaging (fMRI) in the same group of subjects. Pairs of stimuli depicting faces were presented at one of three eccentricities along the horizontal meridian: Adjacent to the central fixation point, on the edge of the screen and in between these two extreme positions. In addition, visual streams consisting of letters and digits were presented simultaneously in each visual field quadrant (Morawetz et al., 2007) . During the attend-faces conditions, participants had to match either the gender or the valence of the facial expression. During the ignore-faces conditions, subjects had to deploy their attention to either one (low-load) or two streams (high-load) at opposite locations relative to the fixation point, performing a match/mismatch judgment. This experimental design allowed us to manipulate the attentional load, without changing the stimulus display and with identical decision types (match/mismatch judgment) for attend-faces and ignore-faces conditions. Unlike previous studies, we were able to directly test the interaction between attentional load and stimulus location in the visual field within the same group of participants.
With regard to the effects of attentional load on amygdala activity, we hypothesized to find (1) a reduced response during ignore-faces compared to attend-faces conditions. Concerning the effects of different spatial locations of the emotional stimuli on amygdala activity, we hypothesized to find (2) an enhanced amygdala response to centrally presented faces during the low, but not high attentional load condition, and (3) an increase in amygdala activity during both high and low attentional load conditions when the faces are presented more peripherally.
MaterIals and Methods subjects
Fourteen right-handed, healthy adults (nine males) aged 20-34 years (mean ± SD: 25.8 ± 3.0 years) with normal or corrected to normal vision were examined. All subjects gave written informed consent to participate in the study, which was approved by the local ethics committee.
Prior to the imaging sessions, participants completed the Positive and Negative Affective Schedule (PANAS; Watson et al., 1988 ) to assess different current emotional states and feelings as well as a self-report measure of attentional control, the Attentional Control Scale (ACS; Derryberry and Reed, 2002) .
The PANAS includes 20 items that assess two orthogonal factors of affective state, positive affect and negative affect (Watson and Tellegen, 1985) . Scores on each scale range from 10 to 50. On the PANAS, participants' positive affect scores ranged from 22 to 35 (mean ± SD: 28.2 ± 3.2) and their negative affect scores from 10 to 17 (12.8 ± 2.5). These scores fall within the published norms (positive affect: 29.7 ± 7.9; negative affect: 14.8 ± 5.4; Watson et al., 1988) .
The ACS consists of 20 items to assess individual differences in attentional skills related to voluntary executive functions. The scale measures a general capacity for attentional control, with correlated subfactors related to the ability to focus attention, to shift attention between tasks and to flexibly control thought (Derryberry and All visual stimuli were presented on LCD-goggles (Resonance Technology, Northridge, USA) using the stimulation software Presentation (Version 10.3, Neurobehavioral Systems, USA).
experIMental procedure
The experiment consisted of four conditions: Match digits low, Match digits high, Match gender, and Match emotion (Figure 1) .
In ignore-faces trials (Match digits low and Match digits high), participants had to attend to the RSVP streams and perform two different tasks of low and high attentional load. In the Match digits low task (low-load condition, Figure 1A ) subjects had to maintain fixation on the fixation cross, and monitor one peripheral stream of digits and letters (lower left) for a predefined target which appeared every 1800-2000 ms. The other RSVP streams served as distractors. Different digits were defined as targets, which were constant within a run but varied between runs. In the Match digits high task (high-load condition, Figure 1B ) subjects had to monitor two peripheral streams in opposing visual field quadrants for the simultaneous appearance of digits and indicate via button press whether the digits were the same (match) or different (mismatch). Each experimental block of 20 s contained 11 target events, six match and five mismatch trials.
In attend-faces trials (Match gender and Match emotion), subjects had to judge on presented face stimuli with and without explicit focus on the emotional content. In the Match gender task ( Figure 1C ) subjects were instructed to maintain fixation on the fixation cross in the middle of the screen and indicate via button press whether the presented faces matched in gender or not. In the Match emotion task ( Figure 1D ) participants pressed a button to indicate whether two faces showed the same or different emotional expression (fearful, happy). All blocks of faces contained an equal number of males and females and an equal number of positive, negative and neutral expressions. Each experimental block of 20 s contained 11 target events, six match and five mismatch trials. During Match emotion mismatch trials consisted randomly of either a combination of two neutral faces, a neutral and an emotional face or two emotional faces of the opposite emotional target expression, e.g., if targets were fearful faces, then distractors were pairs of happy faces or pairs of a happy and a neutral face or two neutral faces. During Match gender emotional expressions of the faces were randomized within an experimental block.
To summarize, the stimulus display consisted of a fixation cross in the middle of the screen, a pair of faces followed by a mask stimulus at one of the three spatial locations (central-position, mid-position, peripheral-position) and the four RSVP streams ( Figure 1E) .
A block design was chosen to increase the functional signal-tonoise ratio in the amygdala as well as to make use of the advantages associated with it, such as the robustness of the results, increased statistical power and relatively large MR-signal changes relative to the baseline (Amaro and Barker, 2006) . The four experimental conditions were separated from each other by a Fixation condition (20 s) containing an instruction display that indicated the type of task (4 s). During the Fixation condition a black fixation cross was presented in the center of a white background. Experimental runs started with a fixation phase (20 s) and then altered between task (20 s) and Fixation condition (20 s) resulting in a block of Reed, 2002) . Scores on the ACS range from 20 to 80. Participants' scores ranged from 47 to 66 (55.6 ± 6.2), comparable to the results of Bishop et al. (2007) .
Furthermore, subjects rated the valence and the level of arousal of all face stimuli using a computerized version of the SelfAssessment Manikin (SAM) scale (Bradley and Lang, 1994) . The SAM is a self-administered scale with icons that indicate graphically how arousing and pleasant stimuli are. Participants rated each face picture on pleasantness (ranging from extremely pleasant to extremely unpleasant) and arousal (ranging from extremely aroused to extremely calm). The version of the SAM used in the present study included five icons that define a 9-point scale for each dimension with 9 representing a very pleasant and extremely exciting stimulus. The mean valence ratings for neutral (4.2 ± 0.4), happy (6.6 ± 0.8), and fearful (2.9 ± 0.6) stimuli showed that all faces were evaluated in accordance with the intended portrayed facial expression. The mean arousal ratings for fearful and happy faces indicated that these faces were neither perceived as very calm nor as extremely exciting (happy faces: 5.5 ± 0.9; fearful faces: 5.9 ± 0.9), whereas neutral faces were rated as less arousing (3.7 ± 0.6).
stIMulI
The emotional stimuli consisted of grayscale face photographs of 70 individuals (35 male, 35 female), each portraying a happy, fearful, and neutral expression and were selected from the Karolinska Directed Emotional Faces collection (Lundqvist et al., 1998) . All faces were presented within the same oval frame to avoid discrimination based on outer contours. As performance declines toward the visual field periphery in most tasks, when a constant stimulus size is used (Weymouth, 1958) , we scaled the photographs by the human cortical magnification factor to activate an approximately equivalent portion of early visual cortex at all stimulated eccentricities (Rovamo and Virsu, 1979; Van Essen et al., 1984; Tolhurst and Ling, 1988) . We scaled our pictures based on the equation (Rovamo and Virsu, 1979) with E referring to eccentricity in degrees and M 0 representing the value of magnification.
Pairs of faces were presented along the horizontal meridian for 550 ms and then masked by images with the amplitude spectra but scrambled face spectra for 1050 ms. Face stimuli centered 1.68° from central fixation (central-position) had a height of 3°, pictures presented at a distance of 5.6° from fixation (mid-position) were 5° high and photographs at 11.25° eccentricity (peripheralposition) measured 7°. The spatial positioning of the emotional faces remained the same during the experimental blocks, but was varied in between runs.
Additionally to the two faces, letters and digits were displayed in rapid serial visual presentation (RSVP). Four RSVP streams were presented simultaneously, one in each visual field quadrant (8.5° diagonally from central fixation; Morawetz et al., 2007) . The letter height subtended a visual angle of 2.3° and each stimulus was shown for 183 ms (resulting in 110 letters and digits during one experimental block of 20 s), which precluded deliberate saccades during their presentation and shifts of attention between the target locations (Reeves and Sperling, 1986; Weichselgartner and Sperling, 1987; Duncan et al., 1994; Peterson and Juola, 2000) . The stimuli were presented consecutively without an interstimulus interval. Diverting attention suppresses amygdala responses in a pseudo-randomized order. Three scan sessions per subject were required to obtain the datasets for the three different spatial positions of the face stimuli in the visual field. Scan sessions were 160 s, which was repeated three times ( Figure 1F ). Accordingly, one experimental run lasted 8 min 20 s and was repeated four times during one scan session. Tasks and blocks were presented Costafreda et al., 2008) . In addition to the amygdala we investigated the fusiform gyri to verify the successful implementation of our attentional load manipulation paradigm as this region is known to be implicated in face processing (Kanwisher et al., 1997) and modulated by selective attention (Wojciulik et al., 1998; Reddy et al., 2007) .
In three of our subjects we localized the fusiform gyrus in a separate fMRI experiment by presenting blocks of grayscale face or house images interleaved with Fourier images, which were all fit behind an oval mask. Each image was presented in the middle of the screen for 500 ms and each block lasted 18 s. Contrasting the faces versus houses (q(FDR) < 0.001) resulted in functional ROIs of significantly activated voxels in the left (x, y, z = −45, −44, −14; size = 1618 mm 3 ) and right (x, y, z = 41, −53, −13; size = 6295 mm 3 ) fusiform gyrus ( Figure 2B) . The coordinates are consistent with the mean peaks of activation reported in the Brede Database (Nielsen, 2003) for these regions (mean coordinates: left: x, y, z = −38 ± 7, −57 ± 12, −13 ± 6; right: x, y, z = 37 ± 9; −52 ± 16, −14 ± 7).
To investigate habituation effects in the amygdala and fusiform gyrus, we split the experimental blocks within one run into early and late blocks allowing us to probe how both attentional load of separated from each other by 1 week. The study was counterbalanced with respect to both task conditions (varied within runs) and eccentricity of the emotional stimuli (varied between runs, within and between scan sessions).
Participants had to respond as quickly and accurately as possible, by pressing one of two buttons on a fiber optic computer response device (Current Designs, Inc., Philadelphia, USA). Subjects were instructed that fixation of the central cross should be maintained throughout the experiment. Only the focus of attention alternated between face stimuli and RSVP streams. Before scanning subjects were trained on the different tasks in separate sessions. The adjusted frequency of correct answers ([%correct/(%correct + %incor-rect)] × 100), omitting trial responses missed by the subject, was calculated for all four tasks for each participant in order to exclude subjects for whom the adjusted frequency of correct answers was not different from chance level. The behavioral data were analyzed using a 3 × 4 repeated measures ANOVA with location of the emotional stimuli and task as within-subject factors.
IMage acquIsItIon
Magnetic resonance imaging was performed at 3 Tesla (Magnetom Trio, Siemens Healthcare, Erlangen, Germany). Initially, a highresolution 3D T1-weighted dataset was acquired from each subject (176 sagittal sections, 1 × 1 × 1 mm 3 ). For fMRI a T2 * -weighted, gradient-echo echo planar imaging technique recording 22 sections of 4 mm thickness oriented roughly parallel to the anterior and posterior commissure at an in-plane resolution of 2 × 2 mm 2 was used (repetition time = 2000 ms; echo time = 36 ms; fieldof-view = 192 × 256 mm 2 ). For each experimental run 250 whole brain volumes were recorded.
IMage processIng and analysIs
Data were analyzed within the framework of a random effects general linear model using BrainVoyager QX 1.9 (Brain Innovation, Maastricht, The Netherlands). Preprocessing of fMRI data included 3D-motion-correction, temporal high pass filtering (3 cycles/run), linear trend removal, spatial smoothing (Gaussian smoothing kernel, 4 mm full width half maximum), and transformation into the space of Talairach and Tournoux (1988) .
As the main goal of this study was to investigate the effect of attentional load and spatial location of the emotional stimuli on amygdala responses to unattended fearful and happy faces, we performed a region of interest (ROI) analysis of the amygdala. ROIs of the amygdalae were determined anatomically on a single subject level (mean coordinates: left: x, y, z = −19 ± 0.6, −5 ± 0.7, −11 ± 0.4; size = 552 mm 3 ; right: x, y, z = 20 ± 0.6, −5 ± 0.7, −11 ± 0.3; size = 639 mm 3 ; Figure 2A) . The left and right amygdalae were identified by one of the authors (Carmen Morawetz) on the T1-weighted 3D dataset of each subject according to the protocol of Pruessner et al. (2000) . First we determined the posterior end of the amygdala in the coronal plane, at the point where gray matter first started to appear superior to the alveus and laterally to the hippocampal head. We used the horizontal view to define the medial and lateral border. The medial border was identified by looking for the border of the ambient cistern in the posterosuperior section of the amygdala. The lateral border was determined by the lateral half of the semicircle drawn from the uncal In a second step, the efficacy of the attentional load manipulation was tested by assessing the accuracy of the performance during the different experimental conditions (Figure 3B) . Repeated measures ANOVA revealed a significant main effect of task (F(3,39) = 13.063, p < 0.001), no significant main effect of location (F(2,26) = 1.631, p = 0.215), but a significant interaction between task and location (F(6,78) = 4.655, p < 0.001). As expected, mean task performance for all conditions was well above chance level (p < 0.001). Subjects were more accurate in Match digits low than in Match digits high, regardless of the face distractor positions (central-position: F(1,13) = 22.6, p < 0.001; mid-position: F(1,13) = 17.0, p < 0.001; peripheral-position: F(1,13) = 19.7, p < 0.001). During attend-faces trials subjects performed significantly better in Match emotion than in Match gender only when the faces were presented in the peripheralposition (F(1,13) = 5.2, p < 0.04). During Match gender performance was significantly higher during trials in which the faces were presented at the central-position compared to the peripheral-position (F(1,13) = 5.1, p = 0.04). Interestingly, subjects were more accurate during Match digits high, when the faces were located in the peripheral-position rather than in the central-position (F(1,13) = 13.4, p < 0.003) or in the mid-position (F(1,13) = 5.9, p < 0.03).
the tasks and spatial location of the faces depended on time. As one run consisted of 12 task blocks (each task was repeated three times in one run), the first block of each task condition within one run was assigned early, whereas the last run of each task condition was labeled late (blocks between early and late were grouped as intermediate).
The left and right ROIs of the amygdala were combined for further analyses. Before pooling the ROIs, we tested for laterality effects by applying a three-factors repeated measures 4 (task) by 3 (location) by 2 (side) ANOVA analysis, which included the "side" of the ROI (left or right) as additional factor. The results revealed no significant laterality effects in the amygdala (F(1,13) = 0.03, p = 0.85), which is in line with several meta-analysis (Zald, 2003; Costafreda et al., 2008; Sergerie et al., 2008) .
The left and right fusiform gyrus ROIs were analyzed separately at first. The observed differential effects of the attentional load manipulation and the eccentricity of the emotional stimuli were more prominent in the right fusiform gyrus than in the left, which is in agreement with previous studies reporting an attentional modulation only in the right fusiform gyrus (Pessoa et al., 2002; Silvert et al., 2007) . It is important to note that the left-visual-field superiority for faces has been attributed to a right hemispheric dominance for face perception (Sergent and Bindra, 1981; Rhodes, 1985; Yovel et al., 2008) and that this neural asymmetry in face processing is a stable individual characteristic (Yovel et al., 2008) . Besides, there is abundant evidence suggesting strong functional differences between right and left fusiform gyrus (Kanwisher and Yovel, 2006; Dien, 2009 ). On the basis of all these reports supporting a lateralization of the fusiform gyrus regarding face processing, only the right fusiform gyrus ROI was considered as control region.
For the selected ROIs the estimated effects (beta values) of each factor-level combination for each subject were extracted. The obtained beta values were used as input for the second-level ANOVA (3 × 4 × 3) analysis (two-sided) with location of the emotional stimuli, task, and time as within-subject factors. Finally, we computed the mean percent signal change averaged across participants for each experimental condition with respect to the spatial locations of the emotional stimuli. Differences were tested using paired t-tests.
results behavIoral data
To assess behavioral performance, mean reaction times (RTs) for each experimental condition and each subject were computed. First, we examined task effects on RTs considering the spatial location of the emotional faces ( Figure 3A) .
The ANOVA analysis of RTs revealed a significant main effect of task (F(3,39) = 48.956, p < 0.001), no significant main effect of location (F(2,26) = 0.218, p = 0.804) as well as no significant interaction effect between task and location (F(6,78) = 1.402, p = 0.213). During the ignore-faces conditions, participants responded significantly faster during Match digits low than Match digits high, when the unattended faces were presented in the central-position (F(1,13) = 11.9, p < 0.001), mid-position (F(1,13) = 13.4, p < 0.001), and peripheralposition (F(1,13) = 19.5, p < 0.001). During the attend-faces conditions, subjects matched the expression significantly faster than the Diverting attention suppresses amygdala responses differential amygdala responses, demonstrating a stronger decrease in signal change during Match digits low when the face stimuli are presented in the mid-position (F(1,13) = 5.98, p = 0.02; Figure 4B ; all statistically significant comparisons between conditions are listed in Table 1 ).
Fusiform gyrus region of interest analysis
First, we looked for habituation effects and applied a three-factors repeated measures 4 (task) by 3 (location) by 3 (time) ANOVA analysis. The results revealed a significant main effect of time in the right fusiform gyrus (F(2,26) = 34.92, p < 0.001). Testing for an interaction effect between time and location resulted in no significant effect (F(4,52) = 0.77, p = 0.547), whereas between task and time an interaction effect (F(6,78) = 3.55, p = 0.003) was observed in the right fusiform gyrus.
As the ANOVA analysis clearly demonstrated a habituation effect within the right fusiform gyrus and an interaction between task and time, we determined the underlying characteristics of these effects. The results showed that the signal change decreased over time. The early blocks of the attend-faces and ignore-faces conditions compared to the late blocks were associated with a stronger response in the right fusiform gyrus (attend-faces: central-position: F(1,27) = 10.5, p = 0.003; mid-position: F(1,27) = 10.1, p = 0.004; peripheral-position: F(1,27) = 7.8, p = 0.009; ignore-faces: centralposition: F(1,27) = 7.2, p = 0.012; mid-position: F(1,27) = 8.1, p = 0.008). Therefore, only the early blocks of each task condition were included for further analysis.
Secondly, we tested for main effects of task and location and interaction effects of these two factors. The analysis revealed a significant main effect of task (F(3,39) = 7.3, p < 0.001) and location (F(2,26) = 4.5, p = 0.02) in the right fusiform gyrus. No significant interaction effect between task and location was observed (F(6,78) = 0.6, p = 0.669).
In the next step we investigated the nature of the main effect of the attentional load and spatial location of the emotional stimuli on right fusiform gyrus activity. Overall, an increase in response was found during attend-faces as well as ignore-faces conditions in the right fusiform gyrus compared to the Fixation condition.
Effect of attentional load. A significant effect of attentional load was observed in the right fusiform gyrus as an increase in signal change was found in the attend-faces compared to the ignore-faces conditions ((F1,13) = 11.7, p = 0.002; Figure 5A ; all statistically significant comparisons between conditions are listed in Table 2 ).
Significantly stronger responses were observed in Match emotion compared to Match digits low and Match digits high. Matching gender was associated with significantly higher signal changes in the right fusiform gyrus in contrast to the high attentional load task, when the faces were presented in the central-and peripheral-position.
The contrast between the ignore-faces conditions revealed stronger responses for the low attentional load task in the right fusiform gyrus, when the face stimuli were presented in the central-and peripheral-position. Within the attend-faces conditions a significant difference was found: Matching the expression of the faces compared to matching the gender resulted in higher responses at all three stimulus locations.
In between scan sessions no significant difference in task performance was observed for the attend-face trials, whereas during Match digits low and Match digits high, a significant increase in performance was obtained from the first scan session compared to the third scan session (Match digits low: F(1,13) = 7.0, p < 0.02; Match digits high: F(1,13) = 5.0, p < 0.04).
neuroIMagIng data

Amygdala region of interest analysis
In a first step we tested for habituation effects in the amygdala. Applying a three-factors repeated measures 4 (task) by 3 (location) by 3 (time) ANOVA analysis revealed no significant main effect of time (F(2,26) = 0.54, p = 0.584) and no interaction effect between task and time (F(6,78) = 0.54, p = 0.774) in the amygdala. Between location and time no significant interaction effect was found (F(4,52) = 1.14, p = 0.345). Therefore, all blocks were grouped together regardless of the time of their presentation within a run and used for further analysis.
In a second step we investigated the main and interaction effects of attentional load and spatial location of the emotional stimuli. A significant main effect of task was observed in amygdala (F(3,39) = 49.94, p < 0.001), whereas the main effect of location did not reach significance (F(2,26) = 1.41, p = 0.26). Furthermore, no significant interaction effect between task and location was observed in the amygdala (F(6,78) = 0.69, p = 0.65).
Effect of attentional load. Testing hypothesis 1 favoring the concept of attentional load dependent amygdala activation, we examined the role of cognitive and emotional modulation by comparing responses evoked by the different task conditions relative to Fixation. According to hypothesis 1, the amygdala would be preferentially activated during the attend-faces conditions (Match emotion and Match gender). The results revealed a strong dependence of amygdala responses on the allocation of attention as the two ignore-faces conditions (Match digits low and Match digits high) caused a significant suppression of responses compared to the two attend-faces tasks resulting in a significant difference (F(1,13) = 83.0, p < 0.001; Figure 4A ; all statistically significant comparisons between conditions are listed in Table 1 ).
Effect of stimulus eccentricity. According to hypothesis 2, stimulus location should affect the signal change in the amygdala during Match digits low compared to Match digits high in the central-position. However, the response in the amygdala was not influenced by location of the face stimuli during these two task conditions, when the faces were presented in the central-position (Figure 4B) . The largest decreases in signal change were found during Match digits low and Match digits high with presentation of the face stimuli in the mid-position ( Figure 4B) .
Hypothesis 3 is based on the assumption that peripherally presented stimuli compared to centrally ones are associated with an increase in amygdala activity during Match digits low as well as Match digits high. In contrast to this hypothesis, no significant difference in signal change was observed in the amygdala contrasting the two attentional load conditions in the peripheral-position with the central-position (F(1,13) Diverting attention suppresses amygdala responses expression matching also induced an increase in activity when the attended stimuli were presented in the mid-rather than in the peripheral-position.
dIscussIon
In the present study, we succeeded in approaching the issue of attention related activation of the amygdala in regard to the processing of emotional facial expressions: Our experimental design allowed a direct assessment not only of the impact of attentional load, but also the effect of spatial location on the emotional stimuli and the interaction between both factors within the same group of subjects. Clearly favoring the concept of the attentional load theory, our results revealed a strong modulation of signal changes in the amygdala by the availability Effect of stimulus eccentricity. Within all task conditions, an increase of activation in the right fusiform gyrus was observed with decreasing eccentricity (Figure 5B ; all statistically significant comparisons between conditions are listed in Table 2 ). The location of the faces affected responses in the right fusiform gyrus during all task conditions by producing a significant increase in activity when the emotional stimuli were located in the central-rather than in the peripheral-position. During the high-load condition, enhanced responses were found, when the ignored stimuli were positioned in the central-and mid-position compared to the peripheral one. When subjects directed their attention to the faces by matching the gender in the central-compared to the mid-position, a significant increase in activity was observed in the right fusiform gyrus. Facial Diverting attention suppresses amygdala responses of attentional resources. Furthermore, it could be shown that the responses in the amygdala were not consistently affected by the spatial positions of the faces. Therefore, the findings suggest that the processing of emotional stimuli is strongly modulated by selective attention but is independent of stimulus eccentricity. Furthermore, no significant relationship between the different tasks (and associated attentional load) and stimulus location could be demonstrated. The behavioral results support the successful implementation of the attentional load manipulation in the present study. Our findings showed that subjects responded faster and more accurately during Match digits low than Match digits high indicating that the split of attention among two spatial positions in opposing quadrants of the visual field induces an increase in task difficulty and is more attentionally demanding (high attentional load), in line with previous results (Morawetz et al., 2007) . To keep performance of foveal and peripheral face recognition at a comparable level, image size was increased with eccentricity. Indeed, during the attend-faces conditions mean task performance was retained with increasing eccentricity. Furthermore, there was no difference between Match emotion and Match gender. These results suggest that difficulty was approximately equivalent in each task, when response accuracy alone is considered. However, the analysis of the RTs revealed that expression matching was significantly faster than gender classifications, suggesting that for our stimuli expression was more easily discriminable than gender.
aMygdala
The present findings of a lack of differential signal changes in the amygdala during the different task conditions are in agreement with the proposal that in areas implicated in emotional processing, such as the amygdala, cerebral blood flow decreases during the performance of some attentionally demanding cognitive tasks (Drevets and Raichle, 1998) . Demanding cognitive tasks that withdraw attention from the emotional stimuli are associated with an active suppression of amygdala responses elicited during a default state, which is suspended during many types of cognitive processing (Shulman et al., 1997; Raichle et al., 2001 ). Thus, the decreased and minimal activity during the active tasks may reflect the absence of processes that occur during neutral or passive conditions. This implies that the preferential activation of the amygdala by emotional facial expressions may not only depend on attention to the faces, but instead may require that no suppression processes are active at the time of stimulus presentation. Therefore, we argue that the visual discrimination tasks in the present study have been cognitively demanding to such an extent that limbic regions have been inhibited.
A possible reason for the failure in activating the amygdala might have been the way the emotional stimuli have been presented. During many trials the presented face pairs were not congruent regarding their emotional valence causing an inhomogeneity within the emotional stimuli. This absence of congruence in the facial expressions possibly reduced the responses in the amygdala. In order to address concerns about the experimental design we conducted a control experiment in a subgroup of three subjects to explore the impact of actively judging on or passively viewing of faces on the amygdala response. They had to either perform the Match emotion task or to view the face stimuli passively as a second condition (the RSVP streams were removed from the visual display; the timing was the same as in the main experiment and blocks were interleaved by a fixation condition). Passive viewing of the face pairs compared to matching the expression of the faces resulted in a significant increase of signal change in the left (t = 7.3, p < 0.001) and right (t = 13.9, p < 0.001) amygdala. Thus, we suggest that the observed lack of signal increase in the amygdala is not attributable to the experimental design, but reflects the influence of an active task on signal changes in this limbic region. Indeed, deactivation of the amygdala has been observed in several tasks that involve higher cognitive processing (Drevets and Raichle, 1995; Shulman et al., 1997) and in active visual tasks (i.e., attentionally demanding tasks in which subjects make decisions regarding various visual stimuli) relative to passive viewing tasks (Shulman et al., 1997) . Furthermore, a recent meta-analysis of 385 imaging studies showed that task instructions involving a form of attentional processing reduce amygdala activation compared to the passive processing of emotional stimuli (Costafreda et al., 2008) .
In regard to hypothesis 1, our findings of a variable suppression of amygdala response to attended and unattended faces are in contrast to studies that failed to find effects of attentional in amygdala activity has been documented when faces of different emotional valence were unattended (Pessoa et al., 2002 ) and when a demanding task of high attentional load was performed Bishop et al., 2007; Mitchell et al., 2007) . In addition, a decreased amygdala response was found during high-load attentional tasks (without emotional faces being present in the visual display) compared to fixation ) and compared to a task specific baseline (Hsu and Pessoa, 2007) . The attentional load manipulation of the tasks used to direct attention away from the faces in the aforementioned studies is one of the main differences in contrast to previous studies supporting the notion of an automatic responsitivity of the amygdala to fearful faces. In these studies the attentional load of the different task conditions was not varied. The subjects had to direct their attention either to load manipulations on amygdala responses to emotional stimuli (Vuilleumier et al., 2001; Anderson et al., 2003; Williams et al., 2005) . Although a decrease in neuronal activity in the amygdala during the ignore-faces conditions was found, the obtained differences between the tasks indicate that the attentional load manipulations still had an effect. During the explicit processing of the faces (Match gender and Match emotion) only weak signal changes in the amygdala were observed in contrast to when the faces were ignored and attention was directed to the letters and digits (Match digits low and Match digits high). Our results are therefore in line with previous studies demonstrating discriminative responses of the amygdala to attended and unattended faces (Pessoa et al., 2002 Bishop et al., 2007; Mitchell et al., 2007; Silvert et al., 2007) supporting hypothesis 1. Similarly, a decrease One of the main goals of the present study was to investigate the effect of stimulus eccentricity on amygdala responses (hypothesis 3). The previously discussed studies (Pessoa et al., 2002 Anderson et al., 2003; Bishop et al., 2007; Mitchell et al., 2007) presented the emotional stimuli foveally. It has therefore been difficult to assess the proposal that the spatial location of the emotional stimuli constitutes an important factor in determining amygdala activation (Palermo and Rhodes, 2007) . To date, only one fMRI study has investigated the impact of attentional load on the processing of peripherally presented faces (Silvert et al., 2007) . These authors showed that differential amygdala responses to emotional versus neutral unattended faces vanished with increasing attentional load, supporting a resource-dependent activation model of the amygdala responsiveness. However, in contrast to our results, no complete suppression of amygdala activation was observed, when the faces were unattended in the high attentional load task. In our paradigm, presenting faces at three different eccentricities in the visual field to investigate the effect of stimulus location on amygdala responses, we did not observe a significantly higher response when stimuli were presented at the peripheral-position for our four respective task conditions. This is in disagreement with hypothesis 3 regarding the influence of stimulus location on amygdala activity, thus not supporting the idea that the amygdala may be especially sensitive to affective stimuli presented in the periphery.
An important issue that needs to be addressed are methodological differences between the various studies. For data analysis we used an ROI-based approach, which is statistically powerful because only a small number of a priori specified ROIs are analyzed reducing the severity of correction for multiple tests and supporting spatial correspondence mapping across subjects (Poldrack, 2007) . However, it has the disadvantage of a reduced possibility of detecting small foci of activation by narrowly focusing on preselected regions (Poldrack, 2007) .
Regarding the experimental design, we used a block design in the present study, while previous imaging reports used either mixed block/event-related designs (Pessoa et al., 2002; Bishop et al., 2007) , event-related designs (Vuilleumier et al., 2001; Anderson et al., 2003; Mitchell et al., 2007) , or blocked designs Silvert et al., 2007) . These differences between existing studies make a direct comparison difficult. While experiments using a block design in general feature an increased statistical power and more robust results, transient activation changes at block onset and/or offset might be missed (Amaro and Barker, 2006) . However, we expected to constantly affect the activation level in the amygdala by the attentional load manipulation for the whole duration of our task blocks. Another possible drawback of block designs is their susceptibility to habituation effects. To avoid habituation effects in our study, task condition blocks were interleaved by fixation blocks and the design was fully counterbalanced with regard to task conditions (within runs) and location of the face stimuli (between runs). However, previous studies reported that the amygdala response habituates (i.e., decreases over time) to repeated presentations of human facial expressions (Breiter et al., 1996; Wright et al., 2001; Britton et al., 2008) . Thus, the habituation might result in attenuated differences between experimental conditions in this limbic region. Such findings prompted us to test for habituation effects in the amygdala. Our findings differ from previously reported data (Phillips et al., 2001; Fischer et al., 2003 ; Williams faces or houses matching their identity (Vuilleumier et al., 2001; Williams et al., 2005) or perform a male/female judgment on the faces and an inside/outside judgment on the houses (Anderson et al., 2003) . It has been proposed that complete suppression of amygdala responses to unattended faces may occur only, when the competing tasks exhaust the attentional resources available leaving almost no capacities for processing task-irrelevant stimuli . Thus, as outlined above, we suggest that in our study both attentional load manipulations were very effective in diverting attention from the faces thereby inducing a particularly strong suppression of neuronal activity in the amygdala. This impact on the amygdala response is supported by the fact that Match digits low as well as Match digits high resulted in a similar decrease in activation even though the behavioral results indicated that Match digits high demanded higher attentional load than Match digits low. Therefore, no differences in amygdala response to centrally presented faces during the low compared to the high attentional load condition were observed, as has been proposed in hypothesis 2. observed a significant increase in activity in the right fusiform gyrus when face stimuli were presented inside the focus of attention (Wojciulik et al., 1998; O'Craven et al., 1999; Vuilleumier et al., 2001; Pessoa et al., 2002; Williams et al., 2005; Reddy et al., 2007; Silvert et al., 2007) . The spatial location of the face stimuli also influenced the responses in the right fusiform gyrus. Here, activation was significantly stronger in response to central compared to peripheral face stimuli, in line with previous studies (Levy et al., 2001; Liu and Ioannides, 2006) .
Testing different spatial locations of emotional stimuli in the visual field in relation to demanding cognitive tasks simultaneously withdrawing attention from the same, this fMRI study clearly demonstrates (1) that cognitively demanding tasks involving active attentional processing lead to an inhibition of amygdala responses indicating an attention related resource-dependence of face encoding processes and (2) that the spatial location of emotional stimuli does not affect amygdala activity.
In summary, our results suggest that the processing of emotional information in the amygdala is governed by top-down processes involved in selective attention. This is reminiscent of the strong dependency of responses across visual cortex on attentional allocation to the respective visual stimuli. The observed modulation of amygdala responses by attention will contribute to the generation of an integrated saliency map (Treue, 2003) in which the strength of representation of an emotional stimulus is a combination of its emotional valence ("salience") with the behavioral context in which attention can be allocated or diverted from the stimulus. et al., 2004) as we did not observe a rapid habituation of the amygdala to repeatedly presented emotional stimuli thereby disproving the idea that the signal decrease could be attributed to habituation. Supporting our results, a recent study (Haas et al., 2008 ) also failed to find any evidence for amygdala habituation. It has been suggested that these inconsistencies likely reflect methodological differences in the temporal parameters as the studies varied in the length of blocks and experimental runs. It has been proposed that the amygdala does not exhibit habituation when shorter (e.g., 18 s) blocks are used (Haas et al., 2008) , which is consistent with our data and design (one block lasted 20 s).
fusIforM gyrus
In line with previous neuroimaging studies (Hsu and Pessoa, 2007; Britton et al., 2008 ) a time-related differential activation of the right fusiform gyrus has been observed, prompting us to only include the early blocks of each run for the evaluation of attentional load and spatial location effects in order to minimize habituation effects. This control region revealed increased activity during all task conditions, while the attend-faces compared to the ignore-faces condition resulted in stronger activation. Moreover, an increase of activation in the right fusiform gyrus was observed with decreasing distance between the faces for all tasks, indicating the successful implementation of our experimental paradigm.
The involvement of the fusiform gyrus in the processing of faces has been established by numerous imaging studies demonstrating greater activity to faces than to nonsense or non-face stimuli (Sergent et al., 1992; Haxby et al., 1994 Haxby et al., , 1999 Puce et al., 1996; Kanwisher et al., 1997; McCarthy et al., 1997; Halgren et al., 1999; Ishai et al., 1999; Hoffman and Haxby, 2000) . In line with these previous results we observed an increase in activity in the right fusiform gyrus during all tasks conditions. As the visual display contained face stimuli in all task blocks, we also found increased responses in the fusiform gyrus when the faces were ignored. This is consistent with the results of Silvert et al. (2007) .
Furthermore, the analysis revealed a differential activity induced by the different tasks thereby pointing toward an attentional modulation within this ROI. In agreement with other fMRI studies we
